Synthesis and catabolism of gamma-hydroxybutyrate in SH-SY5Y human neuroblastoma cells: role of the aldo-keto reductase AKR7A2.
gamma-Hydroxybutyrate (GHB) is an endogenous metabolite synthesized in the brain. There is strong evidence to suggest that GHB has an important role as a neurotransmitter or neuromodulator. The human aldo-keto reductase AKR7A2 has been proposed previously to catalyze the NADPH-dependent reduction of succinic semialdehyde (SSA) to GHB in human brain. In this study we have used RNA interference to evaluate the role of AKR7A2 in GHB biosynthesis in human neuroblastoma SH-SY5Y cells. Quantitative reverse transcription-PCR analysis and immunoblotting revealed that short interfering RNA molecules directed against AKR7A2 led to a significant reduction in both AKR7A2 transcript and protein levels 72 h post-transfection. We have shown that reduced expression of AKR7A2 results in a 90% decrease in SSA reductase activity of cell extracts. Furthermore, we have shown using gas chromatography-mass spectrometry that a decrease in the level of AKR7A2 was paralleled with a significant reduction in intracellular GHB concentration. This provides conclusive evidence that AKR7A2 is the major SSA reductase in these cells. In contrast, short interfering RNA-dependent reduction in AKR7A2 levels had no effect on the GHB dehydrogenase activity of the extracts, and inhibitor studies suggest that another enzyme characteristic of an NAD-dependent alcohol dehydrogenase may be responsible for catalyzing this reverse reaction. Together these findings delineate pathways for GHB metabolism in the brain and will enable a better understanding of the relationship between GHB biosynthesis and catabolism in disease states and in drug overdose.